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Risk factors for delayed healing at the free

anterolateral thigh flap donor site
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The free anterolateral thigh (ALT) flap has been widely used for various kinds of
reconstructions. However, delayed healing at the donor site occasionally occurs due to wound
dehiscence or the partial loss of grafted skin at the donor site. The aim of the present study
was to identify reliable predictive factors for delayed healing at the donor site after the
harvest of a free ALT flap.

This study included 52 patients who underwent reconstructive procedures using
free ALT flaps. The delayed healing group included patients with wounds at the donor site
that had not healed over 3 weeks after surgery, and the normal healing group included
patients who showed wound healing within 3 weeks after surgery. Multivariate logistic
regression models were created to identify the risk factors for delayed healing at the ALT flap
donor site.

Among the 52 patients, 24 (46.2%) showed delayed healing at the donor site, and 6
patients required additional operative treatment. A high preoperative body mass index (BMI),
smoking, and skin grafting were found to be significantly associated with delayed healing at
the ALT donor site. Of the 37 patients who underwent skin grafting, 23 (62%) experienced
delayed healing at the donor site.

A high preoperative BMI, smoking, and skin grafting were risk factors for delayed
healing at the free ALT donor site. Skin grafting at the ALT donor site should be avoided in
patients with a high BMI or a habit of smoking.
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The free anterolateral thigh (ALT) flap has become very popu-
lar among reconstructive surgeons due to its versatility and utili-
ty for various kinds of reconstructions at sites throughout the
human body, such as the head and neck, extremities, and trunk
[1-4]. The versatility of this type of flap allows the elevation of a

cutaneous, fasciocutaneous, or myocutaneous ﬂap. For recon-
struction of large defects in soft tissues, an ideal soft-tissue free
flap should have the following characteristics: superior vascular
supply to the skin, versatility in flap design, a long pedicle, con-
sistent vascular anatomy for easy and safe flap elevation, feasibil-
ity of a 2-team approach, and minimal donor site morbidity.

The ALT flap has been recognized to have most of these charac-
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teristics. In cases of large defects, this flap can be used with a
segment of the vastus lateralis muscle (VLM).

With respect to the ALT flap, surgeons have been most con-
cerned about the vascular anatomy [5,6], the size of the harvest-
ed flap area, and its clinical applications [4]. Some studies have
reported donor site morbidity related to gait disturbance or
lower extremity weakness after the harvest of free ALT fasciocu-
taneous and myocutaneous flaps [5,7-11]; however, few studies
have assessed delayed healing at the donor site because of
wound dehiscence associated with primary closure or the par-
tial loss of grafted skin.

Even if skin grafting is performed for a large skin defect at the
donor site, epithelialization usually occurs 3 weeks after the op-
eration. Wound dehiscence or the partial loss of grafted skin oc-
casionally results in delayed wound healing at the donor site. If
delayed healing occurs, additional treatment is sometimes nec-
essary to close the wound after sufficient wound bed prepara-
tion, and the patient is required to stay in the hospital for an ex-
tended period. No published reports have examined which fac-
tors among patient characteristics and operative techniques,
such as the size of the harvested ALT flap, the distribution of the
perforators included within the flap, and whether or not the
VLM is incorporated, are associated with delayed healing at the
donor site after the harvest of a free ALT flap. The aim of the
present study was to identify reliable predictive factors for de-
layed healing at the donor site after the harvest of a free ALT flap.

This study was approved by the Research Ethics Board at

Tokushima University and informed consent was obtained.
This study was approved by the Research Ethics Board at

Tokushima University (IRB no. 2601) and informed consent

was obtained.

Patients

This study included 52 patients who underwent reconstructive
procedures using free ALT flaps at our institution. The lesions
that required free ALT flap reconstruction and the recipient
sites are presented in Table 1. The main reason for the operation
was defect reconstruction after ablation of a malignant tumor in
34 patients (65.4%), and the most frequent site of free ALT flap
reconstruction was the head and neck region (80.8%). The
study also included patients in whom a portion of the VLM was
harvested with the ALT flap.

Operative procedure
The ALT flap was harvested using standard operative tech-
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niques [ 1,4]. After making a longitudinal or slightly curved inci-
sion under the deep fascia at the anterior aspect of the thigh, the
pedicle of the flap was dissected and isolated. If the perforator
traveled through the VLM (a musculocutaneous pattern of per-
forators), intramuscular dissection was performed along the
perforator, using a careful and subtle technique with optical
magnification (Fig. 1A). When proximal dissection and isola-
tion of the descending branch of the lateral circumflex femoral
artery were required, the rectus femoris muscle was detached
entirely from the intermuscular connective tissues attached to
the vastus intermedius muscle. If the VLM was incorporated
into the ALT flap, the muscle nourished by the muscular branch
from the descending branch of the lateral circumflex femoral ar-
tery was cut and harvested (Fig. 1B).

After dissection of the pedicle, the flap was designed and ele-
vated with some sacrifice of the underlying fascia lata. The de-
fect of the thigh was closed with 3-0 Vicryl (Ethicon Inc.,
Somerville, NJ, USA) to adapt the dissected VLM with the re-
maining muscle or the divided rectus femoris muscle. A suction
drain was inserted between the rectus femoris muscle and vas-
tus intermedius muscle, although intramuscular dissection was
not required. In cases of primary closure, intradermal suturing
was performed with 4-0 PDS II (Ethicon Inc.) and dermal su-
turing was performed with 4-0 or 5-0 black nylon sutures
(Keisei Medical Industrial Co., Tokyo, Japan). If necessary, an
additional suction drain was inserted beneath the undermined
skin. Split-thickness skin grafting was performed using a con-
ventional bolster dressing with or without a mesh procedure if
primary closure could not be achieved due to tightness at the
donorsite (Fig. 1C).

Postoperative donor site wound management and
assessment

For external fixation, a molded plastic splint from the thigh to
the lower leg was applied for a week not only in the patients who

Lesion/Recipient site No. (%)
Lesion
Malignant tumor 34 (65.4)
Contracture 9(17.3)
Refractory ulcer 7(13.5)
Benign tumor 2(3.8)
Recipient site
Head and neck 42 (80.8)
Lower limb 5(9.6)
Upper limb 4.(7.7)
Trunk 1(1.9
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(A) An intramuscular dissection was performed along the perforator when a perforator traveled through the vastus lateralis muscle. (B) Two seg-
ments of the vastus lateralis muscle nourished by the muscular branch from the descending branch of the lateral circumflex femoral artery were
incorporated into the ALT skin flap. (C) A split-thickness meshed skin graft with a bolster dressing was applied on the remaining muscles after

harvesting the flap. ALT, anterolateral thigh.

underwent skin grafting, but also those who underwent primary
closure, in order to maintain a firm resting position and to re-
duce the risk of postoperative hematoma or seroma formation.
In patients who underwent primary closure, the stitches were
removed 7-10 days after the operation. In patients who under-
went skin grafting, a bolster dressing was applied for 5-7 days.
After removal of the dressing, a hydrophilic ointment was ap-
plied every day or every 2 days, depending on the amount of

wound discharge.

Statistical analysis

We divided the patients into a delayed healing group and a nor-
mal healing group. The delayed healing group included patients
with wounds at the donor site that had not healed over 3 weeks
after surgery because of wound dehiscence or the partial loss of
grafted skin, and the normal healing group included patients
who showed wound healing within 3 weeks after surgery. Multi-
variate logistic regression models were created to estimate the
risk factors for delayed healing at the ALT flap donor site. Vari-
ables were included in the models based on existing knowledge
of the risk factors for delayed wound healing. We collected the
following data from patient records: age; history of hyperten-
sion (HT), hyperlipidemia (HL), and diabetes mellitus (DM);
habit of smoking; preoperative body mass index (BMI); levels
of hemoglobin (Hb), total protein (TP), and albumin. Proce-
dures such as intramuscular dissection for the isolation of perfo-
rators or incorporation of the VLM when harvesting a free ALT
flap were identified as potentially being associated with delayed
wound healing. Therefore, we recorded the following operative
factors: size of the harvested ALT and VLM flaps; number of in-
cluded perforators (single or multiple); perforator type (muscu-
locutaneous or septocutaneous perforator); and closure method

(direct closure or skin graft). The laboratory data were collected
within 2 weeks before surgery. The size of the harvested ALT

flap corresponded to the defect size of the donor site, which was

the same size as the applied skin graft. The data were first ana-
lyzed using univariate logistic regression analysis. Then, vari-
ables with P-values <0.1 in the univariate logistic regression
analysis were considered for inclusion in the multivariate logistic
regression model. All statistical analyses were performed using
the statistical software R ver. 2.15.0 (http: //www.r-project.
org/). P-values < 0.05 were considered to indicate statistical sig-
nificance.

The patient characteristics are presented in Table 2. Of the 52
patients, 24 (46.2%) showed delayed healing at the donor site
(delayed healing group) and 28 (53.8%) showed normal healing
(normal healing group). Of the 24 patients in the delayed heal-
ing group, 6 (25%) required additional operative treatment (Fig.
2) and the remaining 18 (75%) were managed conservatively.
Age; history of HT, HL, and DM,; levels of TP and albumin;
the incorporated VLM flap size; the multiple perforators; and
the musculocutaneous perforator were not found to be associat-
ed with delayed healing in the univariate logistic regression anal-
ysis. Preoperative BMI, smoking, and skin grafting were found
to be significantly associated with delayed healing of the ALT
donor site in the multivariate logistic regression analysis after
controlling for Hb levels and the skin flap size (Table 3). The
mean preoperative BMI in the delayed healing group was higher
than that in the normal healing group. In multivariate logistic re-
gression analysis, the possibility of a high preoperative BMI was
greater in the delayed healing group than in the normal healing
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Table 2. Characteristics of the patients who underwent free ALT flap reconstruction

Characteristic

Delayed healing group (n=24)

Non-delayed healing group (n=28)

Age ()
Body mass index (kg/m?
Hypertension (%)
Hyperlipidemia (%)
Diabetes mellitus (%)
Smoking (%)
Hemoglobin (g/dL)
Total protein (g/dL)
Albumin (g/dL)
Skin flap size (cm?)
VLM flap size (cm?)
No. of included perforators (%)
1
2<
Perforator type (%)
Musculocutaneous
Septocutaneous
Closure method (%)
Direct closure
Skin graft

52.8+15.9 (18-80)
26.2+ 3.3 (20.4-34.6)
5(20.8)
8(33.3)
3(12.5)
9(79.2)
134:t1 8(10.9-17.2)
6.9+ 0.6 (5.6-7.7)
3.8+0.4 (2.8-4.6)
171.2 4+ 91.7 (59-425)
32.8+34.7 (0-130)

10 (41.7)
14 (58.3)

23(95.8)
1(4.2)

1(4.2)
SG: 23 (95.8)

59.2 +13.5 (29-82)
22.3+3.4 (16-30.1)
7 (25.0)
9(32.1)
2( 1)
1(39.9)
123:t19(74 15.6)
7.0+0.7 (5.6-8.1)
3.7+0.5 (2.6-4.6)
123.3 4 78.0 (30-368)
21.4430.9 (0-127)

Values are presented as mean & SD (range) or number (%).
ALT, anterolateral thigh; VLM, vastus lateralis muscle; SD, standard deviation.

Fig. 2. Delayed healing and additional skin grafting

(A) Partial loss of grafted skin and fistula under the skin and proximal muscle extension were noted. (B) An incision was made just above the fis-
tula 3 weeks after the initial operation. (C) An additional split-thickness meshed skin graft was applied on the subcutaneous tissue after debride-

ment of the fistula.

group. The number of patients with a habit of smoking in the

delayed healing group was higher than in the normal healing
group. In the multivariate logistic regression analysis, the proba-
bility of having a habit of smoking was higher in the delayed
healing group than in the normal healing group. Among the 52
patients, primary direct closure of the free ALT donor site was
performed in 15 patients (29%) and skin grafting was per-
formed in the remaining 37 patients (71%). Of the 37 patients
who underwent skin grafting, 23 (62%) experienced delayed
healing at the donor site. In contrast, of the 15 patients who un-
derwent primary direct closure, only 1 (7%) experienced de-
layed healing at the donor site. Skin grafting was associated with
delayed healing at the donor site in multivariate logistic regres-
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sion analysis.

DISCUSSION

We could not find previous reports describing the risk factors
for delayed healing at the free ALT donor site; however, delayed
healing is a severe complication because additional invasive
treatment is occasionally required. In the present study, 25% of
patients with delayed healing at the donor site needed additional
operations under general anesthesia; moreover, their hospital
stay was extended, although normal wound healing was noted
at the recipient site.

Using multivariate logistic regression analysis, we found that
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Univariate logistic regression

Multivariate logistic regression

Variables

Odds ratio 959% ClI P-value Odds ratio 959% ClI P-value
Age 0.97 0.93-1.01 0.13 - - -
Body mass index 1.42 1.14-1.76 0.002* 1.35 1.00-1.80 0.044*
Hypertension 0.79 0.21-2.91 0.72 - -
Hyperlipidemia 1.06 0.33-3.37 0.93
Diabetes mellitus 2.60 0.43-15.65 0.30 - - -
Smoking 5.87 1.69-20.36 0.005* 11.82 1.58-88.24 0.016
Hemoglobin 1.40 1.01-1.93 0.043* 1.36 0.82-2.25 0.23
Total protein 0.89 0.39-2.05 0.79 - - -
Albumin 1.42 0.48-4.21 0.563 - - -
Skin flap size 1.01 0.99-1.01 0.062* 1.01 0.99-1.02 0.20
VLM flap size 1.01 0.99-1.03 0.23 - -
Multiple perforators 1.62 0.54-4.85 0.39
Musculocutaneous perforator 1.77 0.15-20.82 0.65 - - -
Skin graft 23.00 2.72-194.47 0.004* 19.49 1.24-306.24 0.035*

ALT, anterolateral thigh; CI, confidence interval; VLM, vastus lateralis muscle.
*P<0.1; *P<0.05.

the patient factors of a high preoperative BMI and a habit of
smoking, as well as the operative factor of skin grafting at the
donor site, were risk factors for delayed healing at the free ALT
flap donor site. Wound healing is dependent on good nutrition
and the presence of suitable polyunsaturated fatty acids in the
diet [12]. Protein deficiency has been demonstrated to contrib-
ute to poor healing rates, with reduced collagen formation and
wound dehiscence [13]. Although various preoperative param-
eters and nutritional equations have been used to predict post-
operative wound healing status, no gold standard methodology
exists [ 14]. No previous reports have explored the correlation
between BMI and delayed healing at the free ALT donor site. In
a previous prospective study, Baldwin et al. [15] reported a cor-
relation between BMI and delayed wound healing in patients
who underwent breast reduction surgery. One of the possible
reasons for the association between high BMI and delayed
wound healing is the lack of vascularity within abundant fat tis-
sues, resulting in poor skin graft adaptation or revascularization
between the subcutaneous tissues and muscles. Another possi-
ble reason is the presence of a large amount of exudate, which
can prevent adhesion in the subcutaneous tissues or result in se-
roma formation, even when drain tubes are placed in the subcu-
taneous spaces.

Many clinicians have reported poor outcomes in smokers. In a
review of 758 deep epigastric perforator flaps, Gill et al. [16] re-
ported that the incidence of donor site complications was high
in smokers. A previous experimental study described the nega-
tive effects of smoking on wound healing [17]. Cigarette smoke
contains more than 4,000 toxic compounds, and of these, nico-

tine is of the greatest interest. Nicotine has several effects on
wound healing. First, it reduces the proliferation of red blood
cells, fibroblasts, and macrophages, thereby resulting in de-
creased tissue oxygenation and subsequent scar formation. Sec-
ond, it is associated with increased platelet adhesiveness, which
can cause microclots and decreased microperfusion [18]. Addi-
tionally, nicotine reduces the level of prostacyclin, which is one
of the most important physiological vasodilators [19]. Through
these mechanisms, nicotine can cause tissue ischemia. More-
over, these mechanisms might affect wound adaptation at the
donor site after harvesting of the free ALT flap. These factors
would cause a decrease in vascular networks, resulting in de-
layed wound healing.

In the present study, we found that the incidence of delayed
healing was significantly lower in patients who underwent pri-
mary closure than in those who underwent skin grafting. The
associations of these methods with complications at the donor
site are controversial. Some reports stated that primary closure
decreased the rate of complications at the ALT flap donor site
[20-22], while other reports stated that there was no relation-
ship between complications and the closure method [7,10,23,24].
In a large study of 220 patients, Hanasono et al. [24] reported
that complications at the free ALT flap donor site were not relat-
ed to the type of closure, and the authors did not find an in-
crease in the rate of complications associated with skin grafting,
However, in that study, 85% of the patients underwent primary
direct closure and only 15% of the patients underwent skin
grafting. Additionally, in a study by Kimata et al. [7], S of 37 pa-
tients underwent skin grafting, and none of those patients
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showed delayed healing of the ALT donor site. In contrast, in
our study, 29% of the patients underwent primary closure and
71% of the patients underwent skin grafting. The differences
between the findings of our study and those of the studies by
Hanasono et al. and Kimata et al. might be related to the differ-
ences in the proportion of patients who underwent skin grafting
at the donor site.

In our study, over 80% of the patients underwent reconstruc-
tion of head and neck defects using the free ALT flap, and many
reconstructions were performed after resection of a relatively
large malignant tumor. As described previously [1], we used a
large free ALT flap incorporating the VLM for mandibular re-
construction. The harvested ALT and VLM flaps were used to
wrap the mandibular reconstruction plate and fill the dead spac-
es around the plate to prevent plate exposure or refractory ulcers
resulting from salivary fistulas. The rate of skin grafting at the
donor site was high because large ALT flaps were needed in
these cases. Boca et al. [20] reported that BMI and the free ALT
flap width-to-thigh circumference ratio were significantly nega-
tively related; therefore, measurement of that ratio provides a
more reliable indication of whether the donor site can be closed
primarily. An increase in the rate of skin grafting would increase
the incidence of delayed wound healing at the free ALT donor
site. Procedures for covering the skin defect at the donor site
without the use of skin grafting, such as additional pedicled per-
forator flap surgery [22] and the tissue expansion technique
[21], are mainly intended to improve the cosmetic appearance
or prevent limitations in the range of motion of the hip and knee
due to the contracture that accompanies skin grafting. In addi-
tion to those reasons, we recommend that skin grafting should
be avoided because of the high rate of delayed wound healing at
the free ALT donor site.

One of the disadvantages of the ALT flap has been reported to
be variations in vascular anatomy [S]. One possible reason for
delayed healing at the donor site is injury of the VLM associated
with dissection of perforators in the free ALT flap. The flap per-
forator may be either a septocutaneous perforator present be-
tween the rectus femoris and VLM or a musculocutaneous per-
forator passing through the VLM. In the case of a musculocuta-
neous perforator, careful and precise intramuscular dissection
with expert techniques is required. After intramuscular dissec-
tion or harvesting of the VLM, vascular impairment in the re-
maining muscle may cause wound dehiscence or unsatisfactory
adaptation of the skin graft at the donor site. In the present
study, we harvested most of the ALT flaps with musculocutane-
ous perforators (94%; 48 of 51 flaps), with some degree of VLM
injury, because septocutaneous perforators were absent. The

amount of the VLM incorporated was not significantly associat-
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ed with delayed wound healing in our study. However, blood
flow beneath the skin graft might be insufficient after dissection
of the VLM, resulting in partial failure of the skin graft to adapt.
The separation of the intermuscular connective tissues between
the rectus femoris muscle and vastus intermedius muscle might
also be involved. Hematoma or seroma is associated with min-
ute movements, while resting with a molded plastic splint and
suction drain tube on the bed for a week might cause wound de-
hiscence postoperatively. We encountered cases of delayed heal-
ing associated with intermuscular fistulae 7-10 days after the
operation, despite almost complete adaptation of the skin grafts.
Incisions just above the fistulae and additional skin grafts were
necessary subsequently. A small seroma or hematoma below an
area of unstable adaptation of the skin graft in the early postop-
erative period could be a cause of a deep fistula after intermus-
cular separation, and may require additional invasive treatment.
However, absorption of this fluid might occur when primary
closure is performed. Moreover, aspiration can be performed
postoperatively in patients who undergo primary closure when
a relatively large seroma is found. This may explain the lower
rate of wound dehiscence in the primary closure group com-
pared with the skin graft group. The use of a negative pressure
dressing on the grafted skin at the donor site is believed to in-
crease the success rate of adaptation of skin grafts because of the
exclusion of redundant fluid in the intermuscular space and the

fast immobilization of grafted skin on the muscles [25].

No potential conflict of interest relevant to this article was re-
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The patient provided written informed consent for the publica-
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